WHETHER one is considering the biochemical, biological, immunological or chemotherapeutic aspects of the malaria problem, questions arise which could be more readily answered by experimentation on parasites grown in vitro than on those sheltered by the host. This well-recognized fact has led many previous investigators to attempt the ila witro cultivation of the malaria parasite.
Undoubtedly, the most successful and best-documented work to date on the erythrocytic form has been that of Trager,3*4 who clearly demonstrated that the bird malaria parasite, P. lophurae, would survive in vitro up to 16 days at body temperature.
Never did Trager observe an increase in vitro in the total number of parasites comparable to that seen in the host. The parasite population in his experiments usually remained constant for the first few days and then declined.
He concluded that, though development must be continuing in such preparations, the death rate, particularly after the first few days, far exceeds the birth rate.
We wish to report here a brief summary of the results obtained during the past year on the in vitro cultivation of the erythrocytic form of the malaria parasite, P. knowlesi, in which we have regularly observed growth and good multiplication. P. knowlesi was chosen for our work because this parasite has a 24-hour cycle, produces a heavy infection of red cells in the monkey, Xacaca ndatta, and will also produce infection in man. Moreover, since our chief interest lay in making biochemical and metabolic studies on the parasite, we preferred to deal with a host possessing a non-nucleated red blood cell.
Two types of techniques have been developed. One, which we have termed the rocker-dilution, consists of the dilution of 1 part of whole blood with 3 parts of a nutrient fluid whose composition is given in Table  1 . This mixture, usually 6.0 ml in total volume though 50 ml have been used, is placed in a tube or flask equipped with gas inlet and outlet tubes. The container is then placed on a rocking machine which just keeps the red cells in gentle motion. A slow flow of 5 per cent. vessel without being allowed to bubble through the liquid.
The whole procedure is carried out under sterile conditions and the cultivation performed at a temperature of 38.5' C. Best results have been obtained when the number of total parasitized cells in the initial mixture is limited to not more than 25,000 per cumm., and the total number of red blood cells to 1.25 x 10" per cu.mm. This is usually accomplished by diluting highly parasitized blood with several times its volume of normal blood in order to ensure the presence of an adequate amount of normal blood constituents in the final mixture.
The other technique, which has been termed the rocker-perfusion, employs a Cellophane membrane to separate whole parasitized blood from the nutrient medium.
Several types of apparatus for this purpose have been developed.
For volumes of blood approximating 1 ml, t,ype 1 is used in which a Cellophane membrane is stretched over one end of a glass tube 30 mm in diameter, and the blood placed within the tube directly upon the Cellophane membrane. This tube is mounted in a vessel containing about 30 ml of nutrient fluid in such a way that the membrane end is just wetted by the nutrient fluid. For volumes of blood approximating 15 ml, type 2 is used in which a coil of Cellophane tubing (8/32 in. dia.) supported by a glass form is immersed in the blood and nutrient fluid allowed to flow through the Cellophane tubing from a reservoir at a rate of approximately 1,500 ml per 24 hours. In both types of . . apparatus, the container is rocked with a slow stream of 5 per cent. CO,: 95 per cent. air passing through it. All operations are performed under sterile conditions and cultivation carried out at 38.5' C. As in the rocker-dilution technique, we have usually employed parasitized blood diluted with normal. Cultivation with all methods is usually carried on for a period of 24 hours. If subculture is performed, then a fresh setup is made each 24 hours, the cultivated parasitized blood being diluted with normal whole blood and the nutrient fluid replaced by fresh.
A summary of the results obtained with the various techniques is given in Table 2 . In the 89 experiments given here, the average increase in parasite count within 24 hours has been three-to fourfold. In some sixty monkeys studied to date, the average increase ir. viwo for a similar period, and at comparable percentages of parasitization has also been of this order of magnitude. . . 2 0 3 * R.D. = Rocker Dilution. R.P. = Rocker Perfusion, Type 2. The blood for these two experiments came from two different monkeys 80 that the similarity in count is merely fortuitous.
In Table 3 , a complete differential count for one experiment run by each technique is given.
The shift in distribution of the various forms with time is clearly evident, segmentation having occurred sometime between the fifth and tenth hour of ita vitro cultivation.
At the end of 24 hours, the distribution of forms is about the same as at the start of the experiment though four to five times as many parasites are then present. Differential counts for all the 59 experiments summarized in Table 2 are also on record and show a similar picture.
Using the rocker-dilution technique, three successive generations of P. knowlesi have been grown in vifro, while with the rocker-perfusion (type 1) technique six successive generations have been obtained. In the latter case, the infectivity of the blood after six days' culture in vitro was demonstrated by inoculation into a monkey. It should be pointed out, however, that in order to obtain subculture with the rocker-perfusion technique, it is necessary to replace about one fourth of the nutrient medium with blood serum. Indeed, we have recently found that better in vitro multiplication and growth result during the first 24 hours by the perfusion technique if some serum is present in the nutrient medium. This fact emphasizes one of the basic reasons for our employment of two types of cultivation techniques. We find that the perfusion technique is particularly useful for the study of the nutrient requirements of the parasites, because any low molecular weight material essential for growth and not present in the nutrient fluid will be dialyzed away from the parasite and its deficiency rapidly made apparent.
In the rockerdilution technique, it is obvious that such deficiencies in the nutrient media will not be so readily observable. However, the rocker-dilution technique, because of its simplicity and lack of a Cellophane membrane, has proved very useful in testing the action of antimalarial drugs, immune serum, etc., on the growth of the malaria parasite iva vitro.
Chemical and metabolic studies have also been made 011 parasites grown ir, vivo and in vitro.
Increases have been observed in the content of fatty acids, flavine adenine dinueleotide, total phosphorus, ELminute hydrolyzable phosphorus, phospholipid phosphorus and nucleic acid phosphorus (by difference) in the red blood cells as their parasite count increases either in vitro or in vivo. Similar studies on glucose and oxygen consumption and lactate production have also been carried out. We have encountered a striking difference between in vitro and C vivo grown parasites only in their oxygen consumption.
Multiplication of parasites in &tro has not been attended by the same increase in oxygen consumption that is observed during multiplication in wizro. We have as yet no explanation for this phenomenon, but it may be a reflection of some deficiency or toxic agent in our media or an indication that, if the parasite is well supplied with nutrients, it can exist largely on energy derived from anaerobic processes. In support of the latter explanation is our finding that a gas phase low in 0, (0.37 per cent. 0, : 5 per cent. CO,: 94.63 per cent. N2) permits at least as good growth and multiplication in vitro as in 95 per cent.
air: 5 per cent. CO,. Definitely detrimental to in vitro growth is a gas phase high in oxygen content (95 per cent. 0, : 5 per cent. CO,). The composition of the nutrient medium employed and given in Table 1 was arrived at by a priori reasoning.
We can not say at present how many of the components of this medium are essential for growth of the parasite.
Omission of the proteose peptone is, however, definitely detrimental to growth and multiplication.
Recent experiments indicate that para-amino benzoic acid is probably the chief essential growth component furnished by the proteose peptone, a fact which may help to explain the observation of Coggeshal15 that sulfanilamide will eradicate I'. I~~o~wZesi infections in monkeys.
The techniques described here are also now being . applied with the assistance of Dr. J. W. Ferrebee to the ilz vitro cultivation of human malaria parasites. Results 
